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Dear Sir: 

Prior to examination of the above-identified application, please amend the 
application as follows: 

In the Specification 

On page 27, line 22, delete "film" and substitute -layer--; 
On page 50, line 3, delete "21" and substitute ~22~; 

In the Claims 

1 . (Amended) A substrate having magnetoresistive elements, comprising: 

a lower shielding later formed on a substrate, 

a lower gap layer formed on the lower shielding layer, 

a plurality of magnetoresistive elements each having a multilayer film 

exhibiting a magnetoresistive effect, [and] 

electrode layers conducting to the multilayer film, and 

a processing monitor element having the same structure as the 

magnetoresistive elements, [these] the magnetoresistive and process ing monitor 

elements being arranged on the lower gap layer, 



wherein [besides] in addition to the lower gap layer, an insulating layer is 
formed between the monitor element and the lower shielding layer to be exposed 
from [the ABS] an air-bearinq-surface (ABS) side, and the distance between the 
monitor element and the lower shielding layer on the ABS side is larger than that 
between the magnetoresistive elements and the lower shielding layer on the ABS 
side. 

9. (Amended) A substrate having magnetoresistive elements, comprising 

a lower shielding later formed on a substrate, 

a lower gap layer formed on the lower shielding layer, 

a plurality of magnetoresistive elements each having a multilayer film 
exhibiting a magnetoresistive effect, [and] 

electrode layers conducting to the multilayer film, [and] 

a processing monitor element having the same structure as the 
magnetoresistive elements, [these] the magnetoresistive and processing monitor 
elements being arranged on the lower gap layer, 

wherein [besides] in addition to an upper gap layer, an insulating layer is 
formed on the magnetoresistive elements and the monitor element to be exposed 
from [the ABS] an air-bearinq-surface (ABS) side, and the distance between the 
monitor element and an upper shielding layer formed on the upper gap laver on the 
ABS side is larger than that between the magnetoresistive elements and the upper 
shielding layer on the ABS side. 
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SUBSTRATE HAVING MAGNETORESISTIVE ELEMENT 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a substrate comprising 
magnetoresistive elements exhibiting a magnetoresistive 
effect, and a monitor element which is formed in the same 
structure as the magnetoresistive elements, for measuring 
the direct -current resistance value of the magnetoresistive 
element, wherein the structure of gap layers formed on and 
below the monitor element is improved to prevent a short 
circuit of the monitor element in measurement of direct - 
current resistance. The present invention also relates to a 
method of manufacturing the substrate, and a method of 
processing the substrate. 
2 . Description of the Related Art 

Fig. 34 is a partial sectional view of a conventional 
substrate comprising magnetoresistive elements as viewed 
from the ABS side. 

As shown in Fig. 34, a base insulating layer 13 made of 
AI2O3 is formed on a substrate 1 made of, for example. AI2O3- 
TiC (alxamina- titanium carbide). A lower shielding layer 12 
made of a magnetic material such as an NiFe alloy or the 
like is formed on the base insulating layer 13, and a lower 
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gap layer 3 made of an Insulating material such as AljOg or 
the like is formed on the lower shielding layer 12. 

Referring to Fig. 34, a plurality of magnetoresistive 
elements 4 and a monitor element 5 are formed in a line in 
the ABS direction (the X direction shown in the drawing) on 
the lower gap layer 3 (the drawing does not show an 
inductive head) . 

In Fig. 34, a multilayer film 6 comprising a spin valve 
film (a GMR element), for example, composed of an 
antiferromagnetic layer, a pinned magnetic layer, a 
nonmagnetic conductive layer, and a free magnetic layer is 
formed at the center of each of the magnetoresistive 
elements 4. The pin valve film serves as an element using 
the giant magnetoresistive effect so that electric 
resistance changes with changes in a leakage magnetic field 
from a recording medium to detect recording signals. As 
shown in Fig. 34, electrode layers 7 made of a nonmagnetic 
metal material such as chromium (Cr) or the like are formed 
on both sides of the multilayer film 6. 

The monitor element 5 is also formed in the same 
structure as the magnetoresistive elements 4, Namely, a 
multilayer film 8 exhibiting the magnetoresistive effect is 
formed at the center of the monitor element 5, and electrode 
layers 9 made of chromium (Cr) are formed on both sides of 
the multilayer film 8. The magnetoresistive elements 4 and 
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the monitor element 5 are simultaneously formed on the lower 
gap layer 3 by pattering - 

As shown in Fig. 34, an upper gap layer 10 made of an 
insulating material such as AI2O3 is formed on the 
magnetoresistive elements 4 and the monitor element 5, and 
an upper shielding layer 11 made of a NiFe alloy (permalloy) 
is further formed on the upper gap layer 10. 

The monitor element 5 functions as a so-called 
processing monitor provided for setting a predetermined 
value of direct -current resistance (DCR) of the plurality of 
magnetoresistive elements 4 formed in alignment with the 
monitor element 5. After the monitor element 5 plays the 
role of the processing monitor, it is removed. 

In order to set the direct-current resistance of the 
magnetoresistive elements 4 to the predetermined value, the 
ABS side (in the X direction shown in the drawing) of the 
magnetoresistive elements 4 and the monitor element 5 is 
ground (height setting), while measuring the direct -current 
resistance between the electrode layers 9 which constitute 
the monitor element 5. Then, when a predetermined direct - 
current valve is obtained, grinding of the ABS side is 
finished. 

As described above, since the plurality of 
magnetoresistive elements 4 and the monitor element 5 have 
the same structure and are formed in a line parallel to the 
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ABS side, the magnetoresistive elements 4 and the monitor 
element 5 have the same dimension in the height direction 
(the Y direction shown in Fig- 34). Therefore, the 
plurality of magnetoresistive elements 4 and the monitor 
element 5 can be set to the same direct -current resistance 
value by grinding the ABS side. 

Namely, when the direct -current resistance of the 
monitor element 5 reaches a predetermined value by grinding, 
the direct -current resistance of the magnetoresistive 
elements also reaches the predetermined value. 

However, in grinding the ABS side of the 
magnetoresistive elements 4 and the monitor element 5 while 
measuring the direct -current resistance between the 
electrode layers 9 which constitute the monitor element 5, 
the shielding layers 11 and 12 and the electrode layers 9, 
which are exposed from the ABS side, cause smearing (sags) 
to cause electrical contact between the electrode layers 7 
and the shielding layers 11 and 12, thereby short-circuiting 
the electrode layers 7 and the shielding layers 11 and 12. 

For example, where sags 12a occur in the lower 
shielding layer 12 formed below the monitor element 5, as 
shown in Fig. 35, electrical connection occurs between the 
sags 12a and the electrode layers 9. As a result, the 
direct -current resistance (DCR) between the electrode layer 
9 of the monitor element 5 cannot be precisely measured, and 
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thus the dimensions of the magnetoresistive elements 4 in 
the height direction (the Y direction shown in Fig. 35) 
cannot be set to a value with which the direct -current 
resistances are a predetermined value. 

Particularly, it is confirmed that the above problem 
significantly occurs when the gap length Gl determined by 
the thickness of the lower gap layer 3 , and the gap length 
G2 determined by the thickness of the upper gap layer 10 are 
700 angstroms or less. 

In grinding the ABS side, sags 12a occur not only 
between the electrode layers 9 of the monitor element 5 and 
the shielding layers 11 and 12, but also in the electrode 
layers 7 of the magnetoresistive elements 4, and in the 
lower shielding layer 12 formed below the magnetoresistive 
elements 4, for example, as shown in Fig. 35, causing 
electrical connection between the electrode layers 7 of the 
magnetoresistive elements 4 and the shielding layer 12. 
However, after grinding is finished, the ABS side of the 
magnetoresistive elements 4 is lapped to remove the sags of 
the electrode layers 7 and the shielding layers 11 and 12, 
thereby maintaining an electrical insulation state between 
the electrode layers 7 of the magnetoresistive elements 4 
and the shielding layers 11 and 12 in a magnetic head 
product . 
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SUMMARY OF THE INVENTION 

The present invention has been achieved for solving the 
above problem, and an object of the present invention is to 
provide a substrate comprising magnetoresistive elements, 
which is capable of preventing a short circuit between 
electrode layers of a monitor element and shielding layers, 
and precisely measuring direct -current resistance during 
height setting processing, a method of manufacturing the 
substrate, and a method of processing the substrate. 

The present invention provides a substrate comprising a 
lower shielding layer formed on the substrate, a lower gap 
layer formed on the lower shielding layer, a plurality of 
magnetoresistive elements each comprising a multilayer film 
exhibiting the magnetoresistive effect and electrode layers 
conducting to the multilayer film, and a processing monitor 
element having substantially the same structure as the 
magnetoresistive elements , these elements being arranged in 
a line on the lower gap layer, wherein besides the lower gap 
layer, an insulating layer is formed between the monitor 
element and the lower shielding layer to be exposed from the 
ABS side so that the distance between the monitor element 
and the lower shield layer exposed from the ABS side is 
larger than the distance between the magnetoresistive 
elements and the lower shield layer exposed from the ABS 
side . 
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In the present invention, the total thickness of the 
lower gap layer and the insulating layer is preferably 700 
angstroms or more. 

A typical structure of the substrate of the present 
invention preferably comprises the insulating layer formed 
on the lower shielding layer, the lower gap layer formed on 
the insulating layer, and the monitor element formed on the 
lower gap layer. 

In a preferred example of such a structure, a recessed 
portion is formed in the surface of the lower shielding 
layer, an insulating layer is formed in the recessed portion, 
and the monitor element is formed on the insulating layer 
with the lower gap layer provided therebetween. 

The surface of the insulating layer formed in the 
recessed portion of the lower shielding layer, and the 
surface of the lower shielding layer are preferably formed 
in the same plane. 

In the present invention, the insulating layer may 
formed on the surface of the lower shielding layer to form 
steps between the upper surface of the insulating layer and 
the surface of the lower shielding layer, so that inclined 
surfaces may be formed on the sides of the insulating layer 
in the stepped portions . 

In the present invention, the insulating layer is 
preferably made of any one of insulating materials such as 
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SiOj, Ta^Os, TiO, AI2O3, SiaN^, AIN, and WO3. 

In the present invention, the insulating layer may also 
be formed below the electrode layers of the magnetoresistive 
elements in a region excluding portions below the multilayer 
films which respectively constitutes the magnetoresistive 
elements . 

The present invention also provides a substrate 
comprising a lower shielding layer formed on the substrate, 
a lower gap layer formed on the lower shielding layer, a 
plurality of magnetoresistive elements each comprising a 
multilayer film exhibiting the magnetoresistive effect and 
electrode layers conducting to the multilayer film, and a 
processing monitor element having substantially the same 
structure as the magnetoresistive elements, these elements 
being arranged in a line on the lower gap layer, wherein 
besides an upper gap layer, an insulating layer is formed on 
the magnetoresistive elements and the monitor element to be 
exposed from the ABS side so that the distance between the 
monitor element and an upper shielding layer exposed from 
the ABS side is larger than the distance between the 
magnetoresistive elements and the upper shielding layer 
exposed from the ABS side. 

In the present invention, the total thickness of the 
upper gap layer and the insulating layer is preferably 700 
angstroms or more. 
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The insulating layer may also be formed on the 
electrode layers which constitute the magnetoresistive 
elements in a region excluding portions above the multilayer 
films which respectively constitute the magnetoresistive 
elements . 

The insulating layer overlapped with the electrode 
layers of the magnetoresistive elements may be formed to be 
exposed from the ABS side. 

The present invention further provides a method of 
manufacturing a substrate comprising magnetoresistive 
elements, the method comprising the steps of forming a lower 
shielding layer on the substrate, and then forming a lift 
off resist layer on the lower shielding layer; etching to a 
predetermined depth a portion of the surface of the lower 
shielding layer, on which the resist layer is not formed, to 
form a recessed portion in the surface of the lower 
shielding layer; forming an insulating layer in the recessed 
portion foormed in the surface of the lower shielding layer 
and then removing the resist layer; forming a lower gap 
layer on the lower shielding layer and the insulating layer; 
and forming a plurality of magnetoresistive elements each 
comprising a multilayer film exhibiting the magnetoresistive 
effect and electrode layers conducting to the multilayer 
film on a portion of the lower gap layer on which the 
insulating layer is not formed, and a processing monitor 
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element having substantially the same structure as the 
magnet oresistive elements on a portion of the lower gap 
layer on which the insulating layer is formed, so that these 
elements are arranged in a line. 

In the present invention, the recessed portion formed 
in the surface of the lower shielding layer may also be 
formed in a portion where the electrode layers of the 
magnetoresistive elements are formed, so that after the 
insulating layer is formed in the recessed portions, the 
electrode layers of the magnetoresistive elements are formed 
on the lower gap layer overlapped with the insulating layer. 

In the present invention, the recessed portions formed 
in the surface of the lower shielding layer are preferably 
formed below the electrode layers behind at least the 
multilayer films of the magnetoresistive elements. 

The present invention further provides a method of 
manufacturing a substrate comprising magnetoresistive 
elements, the method comprising the steps of forming a lower 
shielding layer on the substrate, and then forming a 
insulating material layer on the lower shielding layer; 
forming a resist layer on the insulating material layer and 
etching off a portion of the insulating layer, which is not 
covered with the resist layer, to leave the insulating 
material layer below the resist layer as an insulating 
layer; removing the resist layer and forming a lower gap 
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layer on the insulating layer and the lower shielding layer; 
and forming a plurality of magnetoresistive elements each 
comprising a multilayer film exhibiting the magnetoresistive 
effect and electrode layers conducting to the multilayer 
film on a portion the lower gap layer where the insulating 
layer is not formed, and a processing monitor element having 
substantially the same structure as the magnetoresistive 
elements on a portion of the lower gap layer where the 
insulating layer is formed, so that these elements are 
arranged in a line. 

In the present invention, the insulating layer may also 
be formed below the electrode layers of the magnetoresistive 
elements, so that the electrode layers of the 
magnetoresistive elements are formed on the lower gap layer 
overlapped with the insulating layer. 

In the present invention, the insulating layer formed 
below the electrode layers of the magnetoresistive elements 
may be exposed from the ABS side. 

In the present invention, inclined surfaces are 
preferably formed on the sides of the insulating layer. 

In the present invention, inclined surfaces are 
preferably formed on the sides of the insulating layer by 
isotropic etching. 

Alternatively, the resist layer is formed on the 
insulating material layer, and then heat-treated to form 
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inclined surfaces on the sides of the resist layer, and an 
inclined layer is preferably formed on the sides of the 
insulating layer left below the resist layer by isotropic 
etching. 

In the present invention, the insulating material layer 
is preferably made of any one of insulating materials such 
as Si02, TasOs, TiO, AI2O3, Si^N^. AIN, and WO3. 

The present invention further provides a method of 
processing a substrate comprising magnetoresistive elements, 
the method comprising grinding the magnetoresistive elements 
and a monitor element from the ABS side in the height 
direction while measuring the direct -current resistance 
value between electrode layers of the monitor element until 
a predetermined direct -current resistance value is obtained. 

A magnetic head slider comprising a magnetoresistive 
element composed of a spin valve film (a GMR element) is 
formed, by various kinds of processing, from a wafer in 
which a plurality of magnetoresistive elements are formed. 

The exposed surface of the magnetoresistive element 
formed in the slider is referred to as "the ABS side", which 
is opposed to a recording medium in reproducing signals from 
the recording medium. The direction perpendicular to the 
ABS side opposed to the recording medium, i.e., the 
direction away from the recording medium, is referred to as 
"the height direction". The length of the magnetoresistive 
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element in the height direction is a very important 
dimension for determining the direct -current resistance of 
the magnetoresistive element. 

In order to set the length of the magnetoresistive 
element in the height direction to a predetermined dimension 
by grinding (height setting processing) on the basis of the 
relation to the direct -current resistance, a monitor element 
having the same structure of the magnetoresistive element is 
formed in alignment with magnetoresistive elements formed on 
the substrate, and the ABS side of the magnetoresistive 
elements and the monitor element is subjected to height 
setting processing, while measuring the direct -current of 
the monitor element- At the time the predetermined direct - 
current resistance is obtained, height setting processing is 
finished to foxm the magnetoresistive elements each having a 
length in the height direction with the predetermined 
direct -current resistance. 

However, at present, the thickness of each of the gap 
layers formed on and below the monitor layer decreases as 
the recording density increases, and thus smearing (sagging) 
occurs in the shielding layers formed on and below the gap 
layers to be exposed from the ABS side in height setting 
processing. There is thus the problem of causing a short 
circuit between the monitor element and the shielding layers 
on the ABS side during measurement of direct -current 
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resistance. 

Particularly, in height setting processing, the ABS 
side of the monitor element is ground in the direction from 
the lower shielding layer formed below the monitor element 
to the upper shielding layer formed above the monitor 
element, and the thickness of the lower gap layer formed 
below the monitor element is actually smaller than the 
thickness of the upper gap layer formed on the monitor 
element . Therefore , smearing in the lower shielding layer 
causes the great problem of readily producing electrical 
connection between the lower shielding layer and the monitor 
element on the ABS side. 

Accordingly, in the present invention, besides the 
lower gap layer, an insulating layer is provided between the 
monitor element and the lower shielding layer to increase 
the space between the monitor element and the lower 
shielding layer, as compared with a conventional substrate, 
so that even when smearing occurs in the lower shielding 
layer exposed from the ABS side, the occurrence of 
electrical connection between the monitor element and the 
lower shielding layer can be prevented. 

The present invention further provides a substrate 
comprising a lower shield layer formed on the substrate, a 
lower gap layer formed on the lower shield layer, a 
plurality of magnetoresistive elements formed on the lower 
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gap layer and each comprising a multilayer film exhibiting 
the magnetoresistive effect, and electrode layers conducting 
to the multilayer film, and a processing monitor element 
formed adjacent to the plurality of magnetoresistive 
elements and having substantially the same structure as the 
magnetoresistive elements, wherein the monitor element is 
formed on a portion of the substrate where the lower 
shielding layer is not formed, with the lower gap layer 
formed between the monitor element and the substrate. 

In the present invention, an insulating layer is 
preferably formed between the substrate and the lower gap 
layer formed below the monitor element . 

The surfaces of the insulating layer and the lower 
shielding layer are preferably formed in the same plane. 

In the present invention, an upper shielding layer 
formed on the magnetoresistive elements with an upper gap 
layer provided therebetween is preferably not formed on a 
portion of the upper gap layer which is formed on the 
monitor element. 

In the present invention, a write gap layer of an 
inductive head is preferably formed on the upper gap layer 
formed on the monitor element. 

The present invention further provides a method of 
manufacturing a substrate comprising magnetoresistive 
elements, the method comprising the steps of forming a lower 
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shielding layer on the substrate and then forming a lower 
gap layer on the lower shielding layer and the substrate on 
which the lower shielding layer is not formed; and forming a 
plurality of magnetoresistive elements each comprising a 
multilayer film exhibiting the magnetoresistive effect and 
electrode layers conducting to the multilayer film on a 
portion of the lower gap layer where the lower shielding 
layer is formed, and a processing monitor element having 
substantially the same structure as the magnetoresistive 
elements on a portion of the lower gap layer where the lower 
shielding layer is not formed, so that these elements are 
arranged in a line. 

The present invention further provides a method of 
manufacturing a substrate comprising magnetoresistive 
elements, the method comprising the steps of forming a lower 
shielding layer on the substrate and then forming an 
insulating layer on a portion of the substrate on which the 
lower shielding layer is not formed; grinding the surfaces 
of the insulating layer and the lower shielding layer to 
form the surfaces of the insulating layer and the lower 
shielding layer in the same plane; forming a lower gap layer 
on the lower shielding layer and the insulating layer; and 
forming a plurality of magnetoresistive elements each 
comprising a multilayer film exhibiting the magnetoresistive 
effect and electrode layers conducting to the multilayer 
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shielding layer is formed, and a processing monitor element 
having substantially the same structure as the 
magnetoresistive elements on a portion of the lower gap 
layer where the insulating layer is formed, so that these 
elements are arranged in a line. 

The present invention further provides a method of 
manufacturing a substrate comprising magnetoresistive 
elements, the method comprising the steps of forming an 
upper gap layer on magnetoresistive elements and a monitor 
element which are formed on a lower gap layer; forming an 
upper shielding layer on a portion of the upper gap layer, 
which is formed on the magnetoresistive elements, without 
forming the upper shielding layer on a portion of the gap 
layer which is formed on the monitor element; forming a 
write gap layer on the upper shielding layer and the upper 
gap layer on which the upper shield layer is not formed; and 
forming a coil layer and an upper core layer on a portion 
the write gap layer where the upper shielding layer is 
formed . 

The present invention further provides a method of 
processing the above -described substrate comprising 
magnetoresistive elements, the method comprising grinding 
the magnetoresistive elements and a monitor element from the 
ABS side in the height direction while measuring the direct- 
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current resistance value between the electrode layers of the 
monitor element until a predetermined direct -current 
resistance value is obtained. 

A magnetic head slider comprising a magnetoresistive 
element composed of a spin valve film (a GMR element) is 
formed, by various kinds of processing, from a wafer in 
which a plurality of magnetoresistive elements are formed. 

The exposed surface of the magnetoresistive element 
formed in the slider is referred to as "the ABS side", which 
is opposed to a recording medium in reproducing signals from 
the recording medium. The direction perpendicular to the 
ABS side opposed to the recording medium, i.e., the 
direction away from the recording mediiim, is referred to as 
"the height direction". The length of the magnetoresistive 
element in the height direction is a very important 
dimension for determining the direct -current resistance of 
the magnetoresistive element. 

In order to set the length of the magnetoresistive 
element in the height direction to a predetermined dimension 
by grinding (height setting processing) on the basis of the 
relation to the direct -current resistance, a monitor element 
having the same structure of the magnetoresistive element is 
formed in alignment with magnetoresistive elements formed on 
the substrate, and the ABS side of the magnetoresistive 
elements and the monitor element is subjected to height 
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setting processing, while measuring the direct -current of 
the monitor element. At the time the predetermined direct- 
current resistance is obtained, height setting processing is 
finished to form the magnetoresistive elements each having a 
length in the height direction with the predetermined 
direct -current resistance. 

However, at present, the thickness of each of the gap 
layers formed on and below the monitor layer decreases as 
the recording density increases, and thus smearing (sag) 
occurs in the shielding layers formed on and below the gap 
layers to be exposed from the ABS side in height setting 
processing. There is thus the problem of causing a short 
circuit between the monitor element and the shielding layers 
on the ABS side during measurement of direct -current 
resistance. 

Particularly, in height setting processing, the ABS 
side of the monitor element is ground in the direction from 
the lower shielding layer formed below the monitor element 
to the upper shielding layer formed on the monitor element, 
and the thickness of the lower gap layer formed below the 
monitor element is actually smaller than the thickness of 
the upper gap layer formed above the monitor element. 
Therefore, smearing in the lower shielding layer causes the 
great problem of readily producing electrical connection 
between the lower shielding layer and the monitor element on 
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the ABS side. 

Accordingly, in the present invention, the lower 
shielding layer conventionally formed below the monitor 
element is removed to appropriately prevent a short circuit 
in the monitor element during height setting processing. 
More preferably, the upper shielding layer conventionally 
formed on the monitor element is also removed. 

Besides the lower gap layer and the upper gap layer, 
insulating layers are preferably formed on and below the 
monitor element with no shielding layer formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the shape of a 
substrate having magnetoresistive elements in accordance 
with a first embodiment of the present invention; 

Fig. 2 is a partial sectional view taken along line II- 
II in Fig- 1; 

Fig. 3 is a partial sectional view showing the 
structure of a substrate in accordance with a second 
embodiment of the present invention; 

Fig. 4 is a partial sectional view showing the 
structure of a substrate in accordance with a third 
embodiment of the present invention; 

Fig. 5 is a partial sectional view showing the 
structure of a substrate in accordance with a fourth 
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embodiment of the present invention; 

Fig. 6 is a plan view of a magne tores is tive element; 

Fig. 7 is a drawing showing a step of a method of 
manufacturing a substrate having magnetoresistive elements 
in accordance with the present invention; 

Fig. 8 is a drawing showing a step performed after the 

step shown in Fig. 7; 

Fig. 9 is a drawing showing a step performed after the 

step shown in Fig. 8; 

Fig. 10 is a drawing showing a step performed after the 

step shown in Fig . 9 ; 

Fig. 11 is a drawing showing a step performed after the 

step shown in Fig. 10; 

Fig. 12 is a drawing showing a step of a second method 
of manufacturing a substrate having magnetoresistive 
elements in accordance with the present invention; 

Fig. 13 is a drawing showing a step perfoirmed after the 
step shown in Fig. 12; 

Fig. 14 is a drawing showing a step performed after the 

step shown in Fig. 13; 

Fig. 15 is a drawing showing a step performed after the 

step shown in Fig. 14; 

Fig. 16 is a drawing showing a step of a third method 
of manufacturing a substrate having magnetoresistive 
elements in accordance with the present invention; 
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Fig. 17 is a drawing showing a step performed after the 
step shown in Fig. 16; 

Fig. 18 is a drawing showing a step performed after the 
step shown in Fig. 17; 

Fig. 19 is a drawing showing a step performed after the 
step shown in Fig. 18; 

Fig. 20 is a partial sectional view showing the 
structure of a substrate in accordance with a fifth 
embodiment of the present invention; 

Fig. 21 is a partial sectional view showing the 
structure of a substrate in accordance with a sixth 
embodiment of the present invention; 

Fig. 22 is a partial sectional view showing the 
structure of a substrate in accordance with a seventh 
embodiment of the present invention; 

Fig. 23 is a drawing showing a step of a method of 
manufacturing a substrate having magnetoresistive elements 
in accordance with the present invention; 

Fig. 24 is a drawing showing a step performed after the 
step shown in Fig. 23; 

Fig. 25 is a drawing showing a step performed after the 
step shown in Fig. 24; 

Fig. 26 is a drawing showing a step of a second method 
of manufacturing a substrate having magnetoresistive 
elements in accordance with the present invention; 
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Fig. 27 is a drawing showing a step performed after the 
step shown in Fig. 26; 

Fig. 28 is a drawing showing a step performed after the 
step shown in Fig. 27; 

Fig. 29 is a drawing showing a step performed after the 
step shown in Fig. 28; 

Fig. 30 is a drawing showing a step of a third method 
of manufacturing a substrate having magnetoresistive 
elements in accordance with the present invention; 

Fig. 31 is a drawing showing a step performed after the 
step shown in Fig. 30; 

Fig. 32 is a drawing showing a step performed after the 
step shown in Fig. 31; 

Fig. 33 is a drawing showing a step performed after the 
step shown in Fig. 32; 

Fig. 34 is a partial sectional view showing the 
structure of a conventional substrate having 
magnetoresistive elements; and 

Fig. 35 is a partial sectional view showing a problem 
of a conventional substrate. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 is a perspective view showing the shape of a 
substrate comprising magnetoresistive elements in accordance 
with the present invention, and Fig. 2 is a partial 
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sectional view taken along line II-II in Fig. 1. 

Fig. 1 shows a square block-shaped substrate 20 formed 
by processing a disk wafer made of AljOj-TiC (alumina- 
titanium carbide) on which a plurality of magnetoresistlve 
elements are formed. 

Referring to Fig. 1, magnetoresistlve elements 21 are 
formed on the substrate 20 at equal intervals in the X and Y 
directions shown in Fig. 1, and the leftmost 
magnetoresistlve elements formed in the X direction serve as 
monitor elements 22 . 

Namely, as shown in Fig. 1, the plurality of 
magnetoresistlve elements 21 and the monitor element 22 are 
formed in a line in the X direction shown in Fig. 1 to form 
a magnetoresistlve element forming region A. The 
magnetoresistlve element forming regions A comprising the 
plurality of magnetoresistlve elements 21 and the monitor 
element 22 are provided in a plurality of lines on the 
substrate 20 in the Y direction shown in the drawing. 

The front side 23 of the substrate 20 is referred to as 
"the ABS side (Air Bearing Surface)". In Fig. 1, the front 
structures of the plurality of magnetoresistlve elements 21 
and the monitor element 22, which constitute the hithermost 
magnetoresistlve element forming region A in the Y direction 
are exposed from the ABS side 23. 

The ABS side 23 is ground (height setting processing) 
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by a predetermined dimensional amount, and then subjected to 
processing such as formation of rails (not shown) , formation 
of a crown, etc., and then the substrate 20 is cut along the 
line 24 in the direction 25 shown in Fig. 1. The cut-out 
substrate 20 is referred to as a "slider bar" in which one 
magnetoresistive element foittiing region A comprising the 
plurality of magnetoresistive elements 21 and the monitor 
element 22 is formed. The slider bar is fixed to a holding 
jig, and cut between the respective magnetoresistive 
elements 21 to complete magnetic head sliders. The 
substrate (slider) comprising the monitor element 22 is 
finally removed without making a product. 

As shown in Fig. 2, a base insulating layer 19 made of 
AI2O3 is formed on the substrate 20 made of AljOj-TiC. A 
lower shielding layer 26 made of, for example, a NiFe alloy 
(permalloy) is formed on the base insulating layer 19. 
Furthermore, a lower gap layer 27 made of an insulating 
material such as SiOa, AI2O3 (alumina), TijOg. TiO, WO3, Si3N4, 
AIN, or the like, and having a gap length Gl is formed on 
the lower shielding layer 26. The plurality of 
magnetoresistive elements 21 and the monitor element 22 are 
formed on the lower gap layer 27 so that they are arranged 
in a line in the X direction (the direction of the ABS side). 

As shown in Fig. 2, each of the magnetoresistive 
elements 21 comprises a multilayer film 29 comprising a GMR 
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element using a giant magnet or esistive effect, for example, 
such as a spin valve film, or the like, or an AMR element 
using an anisotropic magnet or esistive effect, hard bias 
layers (not shown) formed on both sides of the multilayer 
film 29, and electrode layers 30 made of Cr (chromium) and 
conducting to the multilayer film 29. The monitor element 
22 has the same structure as the magnetoresistive elements 
21- 

As shown in Fig. 2, an upper gap layer 31 made of an 
insulating material such as SiOj, AljOg (alumina), TizOj, TiO, 
WO3. SijN^, AIN. or the like, and having a gap length G2 is 
formed on the magnetoresistive elements 21 and the monitor 
element 22. Furthermore, an upper shielding layer 32 made 
of an NiFe alloy or the like is formed on the upper gap 
layer 31. 

The multilayer structure ranging from the lower 
shielding layer 26 to the upper shielding layer 32 
corresponds to a reproduction head portion of a magnetic 
head product. For example, when the multilayer film 29 each 
of the magnetoresistive elements 21 comprises a spin valve 
film, a magnetic field enters from a recording medium in the 
direction perpendicular to the drawing of Fig. 2 to change 
magnetization of a free magnetic layer which constitutes the 
spin valve film, changing a direct -current resistance due to 
the relation between fixed magnetization of a pinned 
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magnetic layer which constitutes the spin valve layer, and 
variable magnetization of the free magnetic layer to 
reproduce a recording magnetic field. 

The magnetic head product may be a so-called 
combination type thin film magnetic head comprising not only 
a reproduction head but also a writing inductive head. In 
this case, the writing inductive head comprising a coil and 
a core is formed on the upper shielding layer 32 shown in 
Fig. 2. However, since a portion finally used for magnetic 
heads is formed in a region on the substrate 20 where the 
magnetoresistive elements 21 are formed, the inductive head 
need not be formed on the monitor element 22 which is not 
formed in a product. 

Referring to Fig. 2, a recessed portion 26a having a 
predetermined depth hi and a width tl larger than the 
monitor element 22 is formed in a portion of the surface of 
the lower shielding layer 26, which is below the monitor 
element 22. In the recessed portion 26a is formed an 
insulating layer 28 made of an insulating material such as 
SiOj, AI2O3 (alumina), TijOg, TiO, WO3, SisN^. AIN, or the like. 
In the present invention, the surfaces of the insulating 
film 28 and the lower shielding layer 26 are preferably 
formed in the same plane. 

The insulating layer 28 is formed to be exposed from 
the ABS side (the side opposed to the recording medium). 
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In the present invention, the distance between the 
monitor element 22 and the lower shielding layer 26 is 
larger than that between the magnetoresistive elements 21 
and the lower shielding layer 26 according to the shape of 
the insulating layer 28. 

In the present invention, the total thickness of the 
thickness hi of the insulating layer 28 and the thickness 
(the gap length) Gl of the lower gap layer 27 is preferably 
700 angstroms or more. 

Fig. 3 is a partial sectional view showing a substrate 
in accordance with a second embodiment of the present 
invention . 

In the embodiment shown in Fig. 3, an insulating layer 
35 having a predetermined thickness h2 and a width t2 larger 
than the width of a monitor element 22 is formed on a 
portion of a lower shielding layer 26 where the monitor 
element 22 is formed. 

The insulating layer 35 must be made of an insulating 
material which permits plasma etching (isotropic etching) or 
RIE etching (anisotropic etching) as described below. In 
the present invention, therefore, the insulating layer 35 is 
made of an insulating material such as SiOj, TajOs, TiO, WO3, 
AI2O3, SijN^, AIN, or the like. 

As shown in Fig. 3, inclined surfaces 35a are 
preferably formed on the sides of the insulating layer 35. 
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A lower gap layer 27 is formed on the insulating layer 

35 and the lower shielding layer 26 . 

As shown in Fig. 3, the monitor element 22 is formed on 
a portion of the lower gap layer 27 where the insulating 
layer 35 is formed, and thus the distance between the 
monitor element 22 and the lower shielding layer 26 is 
larger than that between magne tores is tive elements 21 and 
the lower shielding layer 26. 

In the present invention, the total thickness of the 
thickness h2 of the insulating layer 35 and the thickness 
{the gap length) Gl of the lower gap layer 27 is preferably 
700 angstroms or more- The insulating layer 35 is formed to 
be exposed from the ABS side (the side opposite to the 
recording medium) . 

Figs . 4 and 5 are partial sectional views showing 
substrates in accordance with third and fourth embodiments , 
respectively, of the present invention. 

In the embodiment shown in Fig. 4, an insulating layer 

36 formed below a monitor element 22 is also formed below 
electrode layers 30 of magnetoresistive elements 21. 

As shown in Fig. 4, recessed portions 26b having a 
predetermined depth h3 are formed in the surface of the 
lower shielding layer 26 not only below the monitor element 
22 but also below the electrodes 30 of the magnetoresistive 
elements 21. The insulating layer 36 made of AljOj, SiOz, or 
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the like is formed in the recessed portions 26b. In the 
present invention, the total thickness of the thickness h3 
of the insulating layer 36 and the thickness (the gap 
length) Gl of the lower gap layer 27 is preferably 700 
angstroms or more. Although the insulating layer 36 formed 
below the monitor element 22 is formed to be exposed from 
the ABS side, the insulating layer 36 formed below the 
electrode layers 30 of the magnetoresistive elements 21 may 
be either exposed or not from the ABS side. 

For example, the insulating layer 36 formed below the 
magnetoresistive elements 21 lies in the range shown by a 
dotted line in Fig. 6. 

Fig. 6 is a top view showing the shape of each of the 
magnetoresistive elements 21. As shown in Fig. 6, the 
electrode layers 30 formed on both sides of a multilayer 29 
are formed to extend rearward (in the height direction) from 
the ABS side. As shown in Fig. 6. the insulating layer 36 
formed in the range shown by a dotted line is not formed 
below the multilayer film 29. This is because with the 
insulating layer 36 formed below the multilayer film 29, the 
distance between the multilayer film 29 and the lower 
shielding layer 26 is substantially increased to increase 
the gap length Gl, thereby failing to comply with increases 
in recording density. 

The reason why the insulating layer 36 is also provided 
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below the electrode layers 30 of the magnetoresistive 
elements 21, as shown In Fig. is that with the lower gap 
layer 27 having a smaller thickness (gap length Gl), the 
rear sides of the electrode layers 30 formed to have a large 
width as shown in Fig. 6 and the lower shielding layer 26 
are readily electrically connected due to the occurrence of 
pin holes in the lower gap layer 27. As described above, 
the insulating layer 36 may be formed to the ABS side so 
that it is exposed from the ABS side. 

As shown in Fig. 4, an upper gap layer 31 having a 
thickness (gap length) G2 is formed on the magnetoresistive 
elements 21 and the monitor element 22. In the present 
invention, an insulating layer 38 is further formed on the 
monitor element 22 with the upper gap layer 31 held 
therebetween. The insulating layer 38 is formed to have a 
thickness h4 and a size which covers at least the plane size 
of the monitor element 22. As shown in Fig. 4, the 
insulating layer 38 is formed to have a width t3 larger than 
the width of the monitor elements . 

By providing the insulating layer 38 on the upper gap 
layer 31, the distance between the monitor element 22 and 
the upper shielding layer 32 is increased, thereby 
appropriately maintaining electrical insulation between the 
monitor element 22 and the upper shielding layer 32 on the 
ABS side even when smearing (sag) occurs in the electrode 
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layers 34 exposed from the ABS side of the monitor element 
22 during grinding of the ABS side. In the present 
invention, the total thickness of the thickness h4 of the 
insulating layer 38, and the thickness (the gap length) G2 
of the upper gap layer 31 is preferably 700 angstroms or 
more. 

The insulating layer 38 is formed to be exposed from 
the ABS side. 

In the embodiment shown in Fig. 5, like in the 
embodiment shown in Fig. 4, an insulating layer 39 formed on 
the lower shielding layer 26 is formed not only under the 
monitor element 22 but also below the electrode layers of 
the magnetoresistive elements 21. 

When the insulating layer 39 is formed by plasma 
etching (Isotropic etching) or RIE etching (anisotropic 
etching) , in the present invention, the insulating layer 39 
is made of an insulating material such as SiOj, TazOj, TiO, 
WO3, AI2O3, SigN^, AIN, or the like. When the insulating 
layer 39 is formed by a lift off method, it may be made of 
any insulating material. 

As shown in Fig. 5, inclined surfaces 39a are 
preferably formed on the sides of the insulating layer 39. 
Particularly, in the embodiment shown in Fig. 5, the 
insulating layer 39 is also formed under the electrode 
layers 30 of the magnetoresistive elements 21, not formed 
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below the multilayer films 29 of the magnetoresistive 
elements 21, to form steps in a portion where each of the 
magnetoresistive elements 21 is formed, due to formation of 
the insulating layer 39. Therefore, in order to improve the 
pattern precision of formation of the magnetoresistive 
elements 21, therefore, the inclined surfaces 39a are 
preferably formed on the sides of the insulating layer 39 

As shown in Fig. 5, an upper gap layer 31 is formed on 
the magnetoresistive elements 21 and the monitor element 22, 
and an insulating layer 40 is further formed on the upper 
gap layer 31. The insulating layer 40 is foimed not only on 
the monitor element 22 but also on the electrode layers 30 
of the magnetoresistive elements 21. Although the 
insulating layer 40 on the monitor element 22 is formed to 
be exposed from the ABS side, the insulating layer 40 formed 
on the electrode layers 30 of the magnetoresistive elements 
21 may be either exposed or not from the ABS side. 

Even when smearing (sag) occurs in the electrode layers 
34 of the monitor element 22, which are exposed from the ABS 
side, during grinding of the ABS side, electrical insulation 
between the magnetoresistive elements 21 and the upper 
shielding layer 32 can be appropriately maintained on the 
ABS side due to the formation of the insulating layer 40. 
At the same time, electrical insulation between the 
electrode layers 30 and the upper shielding layer 32 in the 
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magnetoresistive elements 21 can appropriately be maintained. 

In the present invention, the total thickness of the 
thickness of the insulating layer 39, and the thickness (the 
gap length) Gl of the lower gap layer 27, and the total 
thickness of the thickness of the insulating layer 40, and 
the thickness (the gap length) G2 of the upper gap layer 31 
are preferably 700 angstroms or more. 

As described above, in the present invention, besides 
the lower gap layer 27 formed between the lower shielding 
layer 26 and the monitor element 22, the insulating layer is 
formed therebetween to increase the space between the lower 
shielding layer 26 and the monitor element 22. Therefore, 
even when smearing (sag) occurs in the lower shielding layer 
26 exposed from the ABS side due to grinding of the ABS side, 
electrical insulation between the monitor element 22 and the 
lower shielding layer 26 on the ABS side can be 
appropriately maintained. 

In the present invention, since the total thickness of 
the thickness of the lower gap layer 27 and the thickness of 
the insulating layer is 700 angstroms or more, electrical 
insulation between the monitor element 22 and the lower 
shielding layer 26 on the ABS side can be more appropriately 
maintained. 

Next, the method of producing the layers below the 
monitor element 22 is described with reference to the 
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drawings. First, formation of the insulating layer 28 shown 
in Fig. 2 by the lift off method is described. 

In the step shown in Fig. 7, the lower shielding layer 
26 made of a magnetic material such as a NiFe alloy is 
foimed on the base insulating layer 19 of Al^Oj formed on the 
substrate 20 of AljOj-TiC (alumina- titanium carbide), and 
then resist layers 41 for lift off are formed with a 
predetermined distance t4 on the lower shielding layer 26. 
The predetermined distance t4 is larger than the width of 
the monitor element 22 formed in a subsequent step. 

In the step show in Fig. 8. a portion of the surface of 
the lower shielding layer 26, which is not covered with the 
resist layers 41, is cut to a depth h5 by ion milling. In 
the step shown in Fig. 9, an insulating layer 42 made of an 
insulating material, for example, such as AI2O3 or SiOj, is 
formed in the recessed portion 26a of the surface of the 
lower shielding layer 26 by sputtering or the like. At this 
time, the surface of the lower shielding layer 26 and the 
surface of the insulating layer 42 are preferably formed in 
the same plane. 

In the step shown in Fig. 9, an insulating material 
layer 43 is formed on the resist layers 41. 

In the step shown in Fig. 10, the resist layers 41 are 
removed by lift off, and the lower gap layer 27 made of an 
insulating material such as such as AI2O3 or SiO^ is formed 
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on the surfaces of the lower shielding layer 26 and the 
insulating layer 42. 

As shown in Fig. 11, the monitor element 22 is formed 
by patterning on the insulating layer 42 formed in the 
recessed portion 26a of the lower shielding layer 26 with 
the lower gap layer formed therebetween. 

In the step shown in Fig. 11, the plurality of 
magnetoresistive elements 21 are formed on a portion of the 
lower gap layer 27 where the insulating layer 42 is not 
formed, at the same time that the monitor element 22 is 
formed. At this time, the plurality of magnetoresistive 
elements 21 and the monitor element 22 are formed to be 
arranged in a line . 

The recessed portion 26a formed in the surface of the 
lower shielding layer 26 shown in Fig. 8 may be also formed 
at positions where the electrode layers 30 of each of the 
magnetoresistive elements 21 are formed, and the insulating 
layer 42 is formed in the recessed portions 26a so that in 
the magnetoresistive elements formed by patterning at the 
same time as the monitor element 22, the multilayer films 2 
using the magnetoresistive effect are formed on the lower 
gap layer 27, and the electrode layers 30 are formed on the 
portions of the lower gap layer 27 where the insulating 
layer 42 is formed. 

The recessed portions 26a formed in the surface of the 
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lower shielding layer 26 may be also foirmed under the 
electrode layers 30 formed behind the multilayer films 29 of 
the magnetoresistive elements 21 which are formed by 
patterning at the same time as at least the monitor element 
22, and the insulating layer 42 may be formed in the 
recessed portions 26a, 

Another' production method of the present invention will 
be described with reference to Figs. 12 to 15. 

In the step shown in Fig. 12. an insulating material 
layer 43 made of any one of insulating materials such as SIO^. 
Ta^Os, TiO, WO3, AI2O3, SiaN^, AIN, and the like is formed on 
the insulating layer 19 of AI2O3 or the like formed on the 
Al203-TiC (alumina- titanium carbide) substrate 20. 

As shown in Fig. 13, a resist layer 46 having a 
predetermined width t5 is formed on the insulating material 
layer 43. The width t5 is smaller than the width of a 
monitor element which is formed in a subsequent step. 

In the step shown in Fig. 14, a portion of the 
insulation material layer 43 which is not covered with the 
resist layer 46 is removed by isotropic etching (plasma 
etching) with CF4 gas, BCI3 gas, or the like. 

The insulating materials such as SiOj, TaPs, TiO, WO3, 
AI2O3, and SijN^ can be etched by isotropic etching with CF4 
gas, and etching with CF^ gas causes no damage to the surface 
of the lower shielding layer 26 made of peinnalloy or the 
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like. 

The insulating materials such as AI2O3 and AIN can be 
etched with BCI3 gas. Although this etching influences the 
surface of the lower shielding layer 26. the etching rate 
can be appropriately controlled to prevent etching of the 
surface of the lower shielding layer 26. 

In addition, in isotropic etching, the corroded portion 
of the surface of the lower shielding layer 26 can be 
appropriately removed by washing so that the insulating 
material layer 43 can be patterned without etching damage to 
the lower shielding layer 26. 

The insulating material layer 43 left below the resist 
layer 46 is left as an insulating layer 44. The width t5 of 
the insulating layer 44 is larger than the width of the 
monitor element 22 which is formed in a subsequent step. 

Since the insulating layer 44 is formed by isotropic 
etching, inclined surfaces 44a are formed on the sides of 
the insulating layer 44, as shown in Fig. 14. 

The resist layer 46 foarmed on the insulating layer 44 
is removed, and a lower gap layer 27 is further formed on 
the insulating layer 44 and the lower shielding layer 26. as 
shown in Fig. 15. Then, the monitor element is formed on 
the insulating layer 44 by patterning, with the lower gap 
layer formed therebetween, as shown in Fig. 15. 

Figs. 16 to 19 show another production method of the 
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present invention. 

In Fig. 16, an insulating material layer 43 made of any 
one of insulating materials such as SiOj, TajOj, TiO, WO3, 
AI2O3, SigN^, AIN, or the like is formed on the base 
insulating layer 19 of AI2O3 or the like formed on the AI2O3- 
TiC (alxamina- titanium carbide) substrate 20, and a resist 
layer 45 having a predetermined width tV, which is smaller 
than the width of a monitor element which is formed in a 
subsequent step, is formed on the insulating material layer 
43. 

In the step shown in Fig. 17, the resist layer 45 is 
heat-treated. In this heat treatment, the sides of the 
resist layer 45 are sagged to form inclined surfaces 45a on 
the sides, as shown in Fig. 17. 

In the step shown in Fig. 18, a portion of the 
insulation material layer 43 which is not covered with the 
resist layer 45 is removed by anisotropic etching, e.g., RIE 
etching, with CF4 gas, BCI3 gas, or the like. 

The insulating materials such as SiOj, TajOg. TiO, WO3, 
AI2O3, Si3N4 and AIN can be etched by anisotropic etching with 
CF4 gas, and etching with CF4 gas causes no damage to the 
surface of the lower shielding layer 26 made of permalloy or 
the like. 

The insulating materials such as A1203 and AIN can be 
etched with BCI3 gas . Although this etching influences the 
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surface of the lower shielding layer 26, the etching rate 
can be appropriately controlled to prevent etching of the 
surface of the lower shielding layer 26. 

After anisotropic etching (for example, RIE etching), 
the corroded portion of the surface of the lower shielding 
layer 26 can be appropriately removed by washing so that the 
insulating material layer 43 can be patterned without 
etching damage to the lower shielding layer 26. 

The insulating material layer 43 left below the resist 
layer 45 is an insulating layer 44 having the inclined 
surfaces 44a formed on the sides thereof. 

The reason for this is that the inclined surfaces 45a 
are formed on the sides of the resist layer 45 by heat 
treatment to decrease the thickness of the resist layer 45 
of the inclined surfaces 45a, thereby cutting off the resist 
layer 45 of the inclined surfaces 45a due to the influence 
of etching according to the thickness of the inclined 
surfaces 45a. Therefore, since the resist layer 45 of the 
inclined surfaces 45a is cut off according to the thickness 
thereof, the sides of the insulating layer 44 formed below 
the inclines surfaces 45a of the resist layer 45 are also 
influenced by etching to form the inclined surfaces 44a. 

Then, the resist layer 45 formed on the insulating 
layer 44 is removed, and the lower gap layer 27 is further 
formed on the insulating layer 44 and the lower shielding 



- 41 - 



layer 26. Then, the monitor element 22 is formed on the 
insulating layer 44 with the lower gap layer 27 formed 
therebetween. At the same time that the monitor element 22 
is forjned, a plurality of magnetoresistive elements 21 are 
formed on a portion of the lower gap layer 27 where the 
insulating layer 44 is not formed. At this time, the 
plurality of magnetoresistive elements 21 and the monitor 
element 22 are formed to be arranged in a line. 

In the production steps shown in Figs. 12 to 15. or in 
the production steps shown in Figs. 16 to 19. the insulating 
layer 44 is formed only below the monitor element 22. 
However, the insulating layer 44 shown in Fig. 14 or 18 may 
be also formed below the electrode layers 30 of the 
magnetoresistive elements 21 so that in the magnetoresistive 
elements 21 formed at the same time as the monitor element 
22 in the step shown in Fig. 15 or 19. the multilayer films 
29 using the magnetoresistive effect may be formed on the 
lower gap layer 27, and the electrode layers 30 may be 
formed on portions of the lower gap layer 27 where the 
insulating layer 44 is formed. 

Particularly, the inclined surfaces 44a are preferably 
formed in the insulating layer 44 formed below the electrode 
layers 30 of the magnetoresistive elements 21. The 
formation of the inclined surfaces 44a permits patterning of 
the magnetoresistive elements 21 with high precision. 
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The insulating layer 44 may be also formed below the 
electrode layers 30 formed behind the multilayer films 29 of 
the magnetoresistive elements 21 patterned at the same time 
as at least the monitor element 22. 

Alternatively, the insulating layer 44 may be formed 
below the electrode layers 30 of the magnetoresistive 
elements 21 to be exposed from the ABS side. 

An insulating layer is preferably formed on the upper 
gap layer 31 by the manufacturing steps shown in Figs. 12 to 
15 or Figs. 16 to 19. When the insulating layer formed on 
the upper gap layer 31 is also formed on the electrode 
layers 30 of the magnetoresistive elements 21 formed at the 
same time as the monitor element 22, the insulating layer 
formed on the electrode layers 30 may be exposed from the 
ABS side. 

In the present invention, height setting processing is 
performed by using the substrate comprising the monitor 
element 22 to set the DC resistance of the magnetoresistive 
elements 21 to a predetermined value. 

The height setting processing of the present invention 
comprises grinding (height setting processing) the ABS side 
23 shown in Fig. 1 while measuring the DC resistance between 
the electrode layers 34 of the monitor element 22. 

By this grinding, the lengths of the magnetoresistive 
elements 21 and the monitor element 22 in the height 
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direction are decreased to gradually increase the DC 
resistance between the electrode layers 34 of the monitor 
element 22 . 

For example, when the DC resistance of the monitor 
element 22 reaches the predetermined value at the time the 
ABS side 23 is ground to the one-dot chain line 47-47 shown 
in Fig. 6, the grinding is finished to obtain the 
magnetoresistive elements 21 each having a length in the 
height direction with the predetermined DC resistance. 

Fig. 20 is a partial sectional view showing a substrate 
in accordance with a fifth embodiment. 

Referring to Fig. 20, a base insulating layer 19 of 
AI2O3 or the like is formed on a substrate 20 made of AI2O3- 
TiC. A lower shielding layer 26 made of, for example, a 
NiFe alloy (permalloy) is formed on the base insulating 
layer 19. The lower shielding layer 26 is formed on the 
base insulating layer 19 excluding a portion having a 
predetermined width Tl . 

As shown in Fig. 20, a lower gap layer 27 made of an 
insulating material such as SiOz, AI2O3 (alumina) , Ti203, TiO, 
WO3, AIN, SigN^, or the like, and having a gap length Gl is 
formed on the lower shielding layer 26 and the portion of 
the base insulating layer 19 having the width Tl. A 
plurality of magnetoresistive elements 21 are formed on a 
portion of the lower gap layer 27 where the lower shielding 
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layer 26 is formed, and a monitor element 22 is formed on a 
portion of the lower gap layer 27 where the lower shielding 
layer 26 is not formed, so that these elements are arranged 
in a line in the X direction (the direction of the ABS side) 

As shown in Fig. 20, each of the magnetoresistive 
elements 21 comprises a multilayer film 29 comprising a GMR 
element using the giant magnetoresistive effect, for example 
such as a spin valve film, or the like, or an AMR element 
using the anisotropic magnetoresistive effect, hard bias 
layers (not shown) formed on both sides of the multilayer 
film 29, and electrode layers 30 made of Cr (chromium) and 
conducting to the multilayer film 29. The monitor element 
22 has the same structure as the magnetoresistive elements 
21. 

As shown in Fig. 20, an upper gap layer 31 made of an 
insulating material such as SiOa, AljOg (alumina), TijOj, TiO, 
WO3, AIN, SijN^, or the like, and having a gap length G2 is 
formed on the magnetoresistive elements 21 and the monitor 
element 22. Furthermore, an upper shielding layer 32 made 
of an NiFe alloy or the like is formed on the upper gap 
layer 31. 

The multilayer structure ranging from the lower 
shielding layer 26 to the upper shielding layer 32 
corresponds to a reproduction head portion of a magnetic 
head product . For example, when the multilayer film 29 each 
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of the magnet ores is tive elements 21 comprises a spin valve 
film, a magnetic field enters from a recording medium in the 
direction perpendicular to the drawing of Fig. 20 to change 
magnetization of a free magnetic layer which constitutes the 
spin valve film, changing a direct -current resistance due to 
the relation between fixed magnetization of a pinned 
magnetic layer which constitutes the spin valve layer, and 
variable magnetization of the free magnetic layer to 
reproduce a recording magnetic field - 

The magnetic head product may be a so-called 
combination type thin film magnetic head comprising not only 
a reproduction head but also a writing inductive head. In 
this case, the writing inductive head comprising a coil and 
a core is formed on the upper shielding layer 32 shown in 
Fig. 20. However, since a portion finally used for magnetic 
heads is formed in a region on the substrate 20 where the 
magnetoresistive elements 21 are formed, the inductive head 
need not be formed on the monitor element 22 which is not 
formed in a product. 

In the present invention, the lower shielding layer 26 
is not formed below the monitor element 22, and on the ABS 
side, the monitor element is formed on the substrate 20 with 
the lower gap layer 27 held therebetween. Therefore, there 
is no conventional problem in which smearing (sagging) from 
the lower shielding layer causes electrical contact with the 
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electrode layers 34 of the monitor element 22, thereby short 
circuiting the monitor element 22. Thus, height setting 
processing can be appropriately performed by using the 
monitor element 22. 

Fig. 21 is a partial sectional view showing a substrate 
in accordance with a sixth embodiment of the present 
invention. 

In the embodiment shown in Fig. 21, a lower shielding 
layer 26 is not formed a portion of a base insulating layer 
19 which has a width Tl and where a monitor element 22 is 
formed. An insulating layer 35 made of the same insulating 
material as gap layers 27 and 31, such as Al^Oj. SiOz, TijOj, 
TiO, WO3. AIN, Si3N,, or the like, or a different insulating 
material is formed on the portion of the base insulating 
layer 19 which has the width Tl. 

In the present invention, the surface of the insulating 
layer 35 and the surface of the lower shielding layer 26 
formed on the substrate are preferably formed in the same 
plane. The surface of the insulating layer 35 and the 
surface of the lower shielding layer 26 can be formed in the 
same plane by using, for example, a CMP (chemical mechanical 
polishing) apparatus as described below. 

As shown in Fig. 21, the lower gap layer 27 having a 
gap length Gl is formed on the lower shielding layer 26 and 
the insulating layer 35. 
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As shown in Fig. 21, a plurality of magne tores is tive 
elements 21 are formed on a portion of the lower gap layer 
27 which is formed on the lower shielding layer 26, and a 
monitor element 22 is formed on a portion of the lower gap 
layer 27 which is formed on the insulating layer 35, so that 
these elements are arranged in a line in the X direction 
(the direction of the ABS side). 

As shown in Fig. 21, besides the lower gap layer 27, 
the insulating layer 35 is formed below the monitor element 
22. and the surface of the insulating layer and the surface 
of the lower shielding layer 26 are preferably formed in the 
same plane. This enables the formation of the monitor 
element 22 on a plane without a steep step. 

Namely, like in the embodiment shown in Fig. 20, when 
the lower shielding layer 26 is not formed below the monitor 
element 22 so that the monitor element 22 is formed on the 
substrate 20 with the lower gap layer 27 formed therebetween, 
a steep step occurs between a plane where the monitor 
element 22 is formed, and a plane where the magnetoresistive 
elements 21 are formed. Therefore, there is the problem of 
deteriorating pattern precision in formation of the monitor 
element 22. and thus causing difficulties in forming the 
monitor element 22 and the magnetoresistive elements 21 in 
the same shape. 

Therefore, as shown in Fig. 21, the insulating layer 35 
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Is formed on a portion of the substrate 20 where the monitor 
element 22 is formed, and the surface of the insulating 
layer 35 and the surface of the lower shielding layer 26 are 
preferably formed in the same plane. This permits formation 
of the monitor element 22 and the magnetoresistive elements 
21 in a plane with the same phase, permitting improvement in 
the pattern precision in formation of the monitor element 22. 

Fig. 22 is a partial sectional view showing a substrate 
in accordance with a seventh embodiment of the present 
invention . 

In this embodiment, an upper shielding layer 32 
conventionally formed above a monitor element 22 is removed. 

In Fig. 22, like in the embodiment shown in Fig. 21, an 
insulating layer 35 and a lower gap layer 27 are formed on a 
base insulating layer 19 and under a monitor element 22. 
However, the present invention is not limited to this 
structure, and as in the embodiment shown in Fig. 20. only 
the lower gap layer may be formed on the base insulating 
layer 19 and below the monitor element 22. 

As shown in Fig. 22, an upper gap layer 31 having a gap 
length G2 is formed on a plurality of magnetoresistive 
elements 21 and the monitor element 22. 

Furthermore, an upper shielding layer 32 is formed on 
the upper gap layer 31 excluding a portion above the monitor 
element 22, which has a width T2. Namely, in this 
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embodiment, the upper shielding layer 32 is formed above the 
plurality of magnetoresistive element 21, but not formed 
above the monitor element 22. 

Therefore, in Fig. 22, on the ABS side, the shielding 
layers 32 and 26 are not formed above and below the monitor 
element 22, thereby securely preventing a short circuit of 
the monitor element 22, as compared with the embodiments 
shown in Figs. 20 and 21 in which the upper shielding layer 
32 is formed above the monitor element 22. It is thus 
precisely perform the height setting processing using the 
monitor element 22. 

Since the grinding direction in height setting 
processing on the ABS side is the direction from the lower 
shielding layer 26 to the upper shielding layer 32, as shown 
in Fig. 22, smearing (sag) produced in the electrode layers 
34 of the monitor element 22 is possibly extended in the Z 
direction shown in Fig. 22. However, in the embodiment 
shown in Fig. 22, the upper shielding layer 32 is not formed 
above the monitor element 22, and thus smearing occurring in 
the electrode layers 34 causes less short circuit even when 
the smearing is extended in the Z direction shown in Fig. 22. 

In the present invention, as shown in Fig. 22, a write 
gap layer 36 having a thickness of hi is preferably formed 
on the upper shielding layer 32 and a portion of the upper 
gap layer 31 above the monitor element 22. 
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Since the write gap layer 36 is also formed on the 
portion of the upper gap layer 31 above the monitor element 
21. the monitor element 22 is covered with the upper gap 
layer 31 having the gap length G2 and the write gap layer 36 
having the thickness hi so that the upper gap layer 31 and 
the write gap layer 36 play the role as a protecting layer 
for protecting the monitor element 22. 

As described above, the monitor element 22 is a 
processing element for measuring DC resistance, and is thus 
not formed in a product. Therefore, a writing inductive 
head is not formed on the monitor element 22. 

However, in the embodiment shown in Fig. 22 in which 
the upper shielding layer 32 also functioning as a lower 
core layer of an inductive head is not formed on the monitor 
element, the following problem occurs. 

As shown in Fig. 22, the upper shielding layer 32 is 
formed on the magnetoresistive elements 21, and a coil layer 
(not shown) and an upper core layer 37, which constitute the 
inductive head, are further formed on the upper shielding 
layer 32. However, etching for forming the coil layer and 
the upper core layer 37 has an influence on the upper gap 
layer 31 formed on the monitor element 22 without the upper 
shielding layer 32 foimied thereon. If the monitor element 
22 is exposed by cutting the upper gap layer 31 due to the 
influence of etching, the monitor element 22 is also 
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influenced by etching. Therefore, in the present invention, 
from the viewpoint of protection of the monitor element 22, 
the write gap layer 36 formed between the upper shielding 
layer (lower core layer) 32 and the upper core layer 37 is 
extended to the portion on the upper gap layer 31 above the 
monitor element 22 so as to prevent the monitor element 22 
from being influenced by etching for forming the coil layer 
and the upper core layer 37. 

The write gap layer is formed in the thickness hi which 
is relatively large, and thus effectively functions as a 
protecting layer for protecting the monitor element 22. 

Next, the method of producing the layers formed below 
the magnetoresistive elements 21 and the monitor element 22 
in the present invention will be described below with 
reference to the drawings. 

In the step shown in Fig. 23, the base insulating layer 
19 of AI2O3 is formed on the substrate 20 of AlsOj-TiC 
(alumina -titanium carbide), and the lower shielding layer 26 
made of a magnetic material such as a NiFe alloy is formed 
on the base insulating layer 19 excluding a portion having 
the width Tl . The lower shielding layer 26 is f oirmed by a 
frame plating method. The width Tl is larger than the width 
of the monitor element 22 formed in the subsequent step. 

In the step shown in Fig. 24, the lower gap layer 27 
made of an Insulating material such as AI2O3 or Si02 is 
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formed on the lower shielding layer 26 and the base 
insulating layer 19 . 

In the step shown in Fig. 25, the plurality of 
magnetoreslstive elements 21 are formed by pattering on a 
portion of the lower gap layer 27 where the lower shielding 
layer 26 is formed. At the same time that the 
magnetoreslstive element 21 are formed, the monitor element 
22 is formed on a portion of the lower gap layer 27 where 
the lower shielding layer 26 is not formed. At this time, 
the plurality of magnetoreslstive elements 21 and the 
monitor element 22 are foarmed to be arranged in a line. 

Next, another production method will be described below 
with reference to Figs. 26 to 29. 

In the step shown in Fig. 26, the base insulating layer 
19 of AI2O3 is formed on the substrate 20 of AljOa-TiC 
(alumina-titanium carbide), and the lower shielding layer 26 
made of a magnetic material such as a NiFe alloy is formed 
on the base insulating layer 19 excluding a portion having 
the width Tl. The lower shielding layer 26 is formed by a 
frame plating method. The width Tl is larger than the width 
of the monitor element 22 formed in a subsequent step. 

In the step shown in Fig. 27, an insulating layer 38 is 
formed on the portion of the base insulating layer 19 which 
has the width Tl and where the lower shielding layer 26 is 
not formed, and on the lower shielding layer 26. The 
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thickness of the insulating layer 38 formed on the portion 
of the base insulating layer 19 which has the width Tl is 
preferably larger than the thickness of the lower shielding 
layer 26. 

As shown in Fig. 28, the surface of the insulating 
layer 38 is cut off by CMP application, and the surface of 
the lower shielding layer 26 exposed by cutting the 
insulating layer 38 is also slightly cut off to form the 
insulating layer 35 having the same thickness as the lower 
shielding layer 26 adjacent to the lower shielding layer 26. 

In the step shown in Fig. 29, the lower gap layer 27 is 
formed on the insulating layer 35 and the lower shielding 
layer 26. Then, the plurality of magnetoresistive elements 
21 are formed by pattering on a portion of the lower gap 
layer 27 where the lower shielding layer 26 is formed. At 
the same time, the monitor element 22 is formed by pattering 
on a portion of the lower gap layer 27 where the insulating 
layer 35 is formed. 

Figs. 30 to 33 show the method of producing the layers 
formed above the magnetoresistive elements 21 and the 
monitor element 22 in the present invention. 

In the step shown in Fig. 30, after the step shown in 
Fig. 29, the upper gap layer 31 made of an insulating 
material such as AI2O3, Si02, or the like is formed on the 
magnetoresistive elements 21 and the monitor element 22. 
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In the step shown in Fig. 31, the upper shielding layer 
32 is formed on a portion of the upper gap layer 31 where 
the magnetoresistive elements 21 are formed, with a space 
having a width larger than the width of the monitor element 
22. The upper shielding layer 32 is formed by the frame 
plating method. 

In the step shown in Fig. 32. the write gap layer 36 is 
formed on the upper shielding layer (lower core layer) 32 
and a portion of the upper gap layer 31 where the upper 
shielding layer 32 is not formed. 

In the step shown in Fig. 33, the coil layer (not 
shown) is formed on the portion of the write gap layer 36 
where the upper shield layer 32 is formed, and the upper 
core layer 37 is formed on the coil layer with an insulating 
layer (not shown) held therebetween. As shown in Fig. 33, 
on the ABS side, the upper core layer 37 is formed on the 
upper shielding layer 32 with the write gap layer 36 formed 
therebetween . 

In the present Invention, height setting processing is 
performed by using the substrate comprising the monitor 
element 22 to set the DC resistance of the magnetoresistive 
elements 21 to a predetermined value. 

The height setting processing of the present invention 
comprises grinding (height setting processing) the ABS side 
23 shown in Fig. 1 while measuring the DC resistance between 
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the electrode layers 34 of the monitor element 22. 

By this grinding, the lengths of the magnetoresistive 
elements 21 and the monitor element 22 in the height 
direction are decreased to gradually increase the DC 
resistance between the electrode layers 34 of the monitor 
element 22. 

When the DC resistance of the monitor element 22 
reaches the predetermined value by grinding the ABS side 23, 
the grinding is finished to obtain the magnetoresistive 
elements 21 each having a length in the height direction 
with the predetermined DC resistance. 

As described above, in the present invention, besides 
the lower gap layer, the insulating layer is formed between 
the monitor element and the lower shielding layer to be 
exposed from the ABS side, thereby increasing the distance 
between the monitor element and the lower shielding layer, 
as compared with a conventional example. Therefore, even 
when smearing occurs in the lower shielding layer and/or the 
electrode layers of the monitor element, which are exposed 
from the ABS side, by grinding the ABS side, electrical 
insulation between the monitor element and the upper 
shielding layer on the ABS side can be appropriately 
maintained. 

Where the total thickness of the lower shielding layer 
and the insulating layer formed between the monitor element 
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and the upper shielding layer is 700 angstroms or more, 
electrical insulation between the monitor element and the 
upper shielding layer on the ABS side can be more 
appropriately maintained. 

In the present invention, the insulating layer may be 
also formed below the electrode layers of the 
magnet oresistive elements as products. This permits 
maintenance of electrical insulation between the electrode 
layers in the magnetoresistive elements and the lower 
shielding layer even when the thickness of the lower gap 
layer is decreased. 

In the present invention, the lower shielding layer 
conventionally formed is not formed below the monitor 
element to prevent a short circuit of the monitor element 
during height setting processing. 

In the present invention, an insulating layer is 
preferably provided between the substrate and the lower gap 
layer formed below the monitor element, thereby precisely 
patterning the monitor element. 

In the present invention, not only the lower shielding 
layer conventionally formed below the monitor element but 
also the upper shielding layer conventionally formed above 
the monitor element are not formed, preventing a short 
circuit of the monitor element in height setting processing. 

Furthermore, a write gap layer of an inductive head is 
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formed on the upper gap layer formed on the monitor element 
to appropriately protect the monitor element from etching 
for forming a coil layer on magnetoresistive elements . 
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WHAT IS CLAIMED IS: 

1. A substrate having magnetoresistive elements, 
comprising a lower shielding layer formed on a substrate, a 
lower gap layer formed on the lower shielding layer, a 
plurality of magnetoresistive elements each having a 
multilayer film exhibiting a magnetoresistive effect, and 
electrode layers conducting to the multilayer film, and a 
processing monitor element having the same structure as the 
magnetoresistive elements, these elements being arranged on 
the lower gap layer, wherein besides the lower gap layer, an 
insulating layer is formed between the monitor element and 
the lower shielding layer to be exposed from the ABS side, 
and the distance between the monitor element and the lower 
shielding layer on the ABS side is larger than that between 
the magnetoresistive elements and the lower shielding layer 
on the ABS side. 

2. A substrate having magnetoresistive elements 
according to Claim 1, wherein the total thickness of the 
lower gap layer and the insulating layer is 700 angstroms or 
more . 

3. A substrate having magnetoresistive elements 
according to Claim 1, wherein the insulating layer is formed 
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on the lower shielding layer, and the lower gap layer is 
foimied on the insulating layer so that the monitor element 
is formed on the lower gap layer . 

4. A substrate having magnetoresistive elements 
according to Claim 3, wherein a recessed portion is formed 
in the surface of the lower shielding layer, and the 
insulating layer is formed in the recessed portion so that 
the monitor element is formed on the insulating layer with 
the lower gap layer formed therebetween. 

5. A substrate having magnetoresistive elements 
according to Claim 4, wherein the surface of the insulating 
layer formed in the recessed portion of the lower shielding 
layer and the surface of the lower shielding layer are 
formed in the same plane . 

6. A substrate having magnetoresistive elements 
according to Claim 3, wherein the insulating layer is 
superposed on the surface of the lower shielding layer to 
form a step between the upper side of the insulating layer 
and the surface of the lower shielding layer so that 
inclined surfaces are formed on the sides of the insulating 
layer in the stepped portion. 
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7 . A substrate having magnet ores is tive elements 
according to Claim 1, wherein the insulating layer is made 
of any one of insulating materials such as SiOj, TaaOg, TiO. 
AI2O3, SigN^, AIN, and WO3. 

8. A substrate having magnetoresistive elements 
according to Claim 1. wherein the insulating layer is also 
formed below the electrode layers which respectively 
constitute the magnetoresistive elements except portions 
below the multilayer films which respectively constitute the 
magnetoresistive elements . 

9. A substrate having magnetoresistive elements, 
comprising a lower shielding layer formed on a substrate, a 
lower gap layer formed on the lower shielding layer, a 
plurality of magnetoresistive elements each having a 
multilayer film exhibiting a magnetoresistive effect, and 
electrode layers conducting to the multilayer film, and a 
processing monitor element having the same structure as the 
magnetoresistive elements, these elements being arranged on 
the lower gap layer, wherein besides an upper gap layer, an 
insulating layer is formed on the magnetoresistive elements 
and the monitor element to be exposed from the ABS side, and 
the distance between the monitor element and an upper 
shielding layer on the ABS side is larger than that between 
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the magnetoresistlve elements and the upper shielding layer 
on the ABS side. 

10. A substrate having magnetoresistlve elements 
according to Claim 9, wherein the total thickness of the 
upper gap layer and the insulating layer is 700 angstroms or 
more . 

11. A substrate having magnetoresistlve elements 
according to Claim 10, wherein the insulating layer is also 
formed above the electrode layers which respectively 
constitute the magnetoresistlve elements except portions 
above the multilayer films which respectively constitute the 
magnetoresistlve elements. 

12. A substrate having magnetoresistlve elements 
according to Claim 8, wherein the insulating layer 
superposed on the electrode layers of the magnetoresistlve 
elements is exposed from the ABS side. 

13. A substrate having magnetoresistlve elements, 
comprising a lower shielding layer formed on a substrate, a 
lower gap layer formed on the lower shielding layer, a 
plurality of magnetoresistlve elements formed on the lower 
gap layer and each having a multilayer film exhibiting a 
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magnetoresistive effect, and electrode layers conducting to 
the multilayer film, and a processing monitor element formed 
adjacent to the plurality of magnetoresistive elements and 
having the same structure as the magnetoresistive elements 
so that on the ABS side, the monitor element is formed on 
the substrate with the lower gap layer held therebetween, 
without the lower shielding layer. 

14. A substrate having magnetoresistive elements 
according to Claim 13, wherein an insulating layer is formed 
between the substrate and the lower gap layer formed below 
the monitor element . 

15. A substrate having magnetoresistive elements 
according to Claim 14, wherein the surface of the insulating 
layer and the surface of the lower shielding layer formed on 
the substrate are formed in the same plane. 

16. A substrate having magnetoresistive elements 
according to Claim 13, wherein an upper shielding layer 
formed on the magnetoresistive elements with an upper gap 
layer formed therebetween is not formed on a portion of the 
upper gap layer which is formed on the monitor element on 
the ABS side. 
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17. A substrate having magnetoresistive elements 
according to Claim 16, wherein a write gap layer of an 
inductive head is formed on the portion of the upper gap 
layer which is formed on the monitor element. 
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ABSTRACT OF THE DISCLOSURE 

Height setting processing performed while measuring DC 
resistance of a monitor element formed on a substrate causes 
smearing (sag) in shielding layers formed above and below 
the monitor element with gap layers held therebetween, 
causing a short circuit between the monitor element and the 
shielding layers due to smearing. A recessed portion is 
formed in a lower shielding layer formed on the substrate, 
and an insulating layer is formed in the recessed portion. 
The monitor element is formed on the insulating layer with a 
lower gap layer formed therebetween. The formation of the 
insulating layer increases the distance between the monitor 
element and the lower shielding layer, thereby preventing 
electrical connection even when smearing occurs in the lower 
shielding layer. Alternatively, the monitor element is 
formed on the substrate with the lower gap layer formed 
therebetween, and the lower shielding layer formed below 
magnet ores is tive elements is not formed below the monitor 
element. This prevents electrical connection between the 
lower shielding layer and the monitor element due to 
smearing, thereby preventing a short circuit in the monitor 
element during height setting processing. 
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certificate, or PCT internationai application having a filing date 
before that of the application on which priority is clainwd. 

Priority Not Claimed 

14/12/1998 



(Day/Month/Year Filed) 

14/12/1998 

{Day/Month/Year Filed) 



a 



Q 



I hereby claim the benefit under Title 35, United Slates Code, 
Section 1 19(e) of any United States provisional appncation(s) listed 
below. 



(Application No.) (Filing Date) 

(WiS#^) (rtiiBfl) 

'^■Jj0iftf)5 6 s *(c) tSl'<*gfiiSr:r:rli±*L-ii-. ■£ 



(Application No.) (Filing Date) 

«#-§•) wmB) 

I hereby claim the benefit under Title 35, United Slates Code, 
Section 120 of any United States apptlcation(s), or 365(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in tfie manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.5S which became available between (he filing date of the 
prior application and the national or PCT International filing date of 
application. 



(Application No. 



(Application No.) 
{ajJ!S#^) 



(Filing Date) 
(.T,JK B ) 

(Fifing Date) 



ic&i'<^v^ii±xn%xh^j ttncxl-^6::ih. ^ f>(cfe 

a:)[M:^\zX OMf^^h.^) - t. t r -tro J: ^i j; s 

w-^i'^jtti^^^^ix^r iit^-ScL. i'^r^cK tzzo)::t 



(Status: Patented, Pending, Abandoned) 



(Status- Patented. Pending. Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge arc true and that all statements made on infonmation 
and belief are believed to be true; and hJrther that these 
statements were made with the knowledge that willhil false 
statements and the like so made are punishatMe by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false staterrients may 
jeopardize the validity of the application or any patent issued 
thereon. 



PTO/San06{S-96) 
Apofovwi fM- UM tivoogh 9/3<V96. OMB06S1-O032 
P»«»n( lod Trtdermrit Off>c«; U.S. DEPARTMENT OF COMMERCE 
Undw Iht Paperwork Rc<luctK>n Acl of 1 995, no persons f«quif«<f to respond to ■ co»«dion of inlirmtikm uohMU K dlsplayi a v»lid OMB control mxnber. . 

Japanese Language Declaration 



POWER OF ATTORNEY: As a nanr>cd inventor, 1 hereby appoint 
the following atlomey(i) and/or agen((s) to prosecute this 
ippltcjtlon and transact all business in the Patent and Trademark 
Office conned ed thevewitfi (list rtsmo and registration numborj 

See Attachment A 



Send Correspondence to; 

Brinks Hofer Gilson & Lione 
P.O. Box 10395 
Chicago, Illinois '60610 
(312) 321-4200 



Direct Telephone Calls to; [name and telephone number) 



Full name of sole or first Irtvenior 

Kiyoshi Sato 



Inventor" s signalurg 



Date 

November 22. 194 9 



Residen 

Niiga t a-ken , Jap an 



Citizenship 

Japan 



Po«l Office Address c/o ALPS ELECTRIC CO., LTD. 

1-7 Yukigaya, Otsuka-cho, Ota-ku, Tokyo, Japan 



Full name of second join! invenlor, i! any 

Katsuya Sugai 



Second inventor's signature 
esidence ^ 



Date 

November 22, 19^ 9 



ft* 



Residence 

Nligata-ken, Jpaan 



Citizenship 

Japan 



as?? 



Post Office Address c/o ALPS ELECTRIC CO., LTD. 

1-7 Yukigaya, Otsuka-cho, Ota-ku, Tokyo, Japan 



CJf clJiA»<Ojt-(515?t^-fi l-'2l. *T t/^S I- L , tt" (Supply similar information and signature (or third and subse<(uent 

<I) i ) joint inventors.) 



ATTACHMENT A 



GuyW. Shoup 26,805 

Allan J. Sternstein 27,396 

Gustavo Siller, Jr. 32,305 

John C. Freeman 34,483 

William F. Prendergast 34,699 

Vita G. Conforti 39,639 

Mark H.Remus 40,141 

Steven G. Steger 40,185 

Tadashi Horie 40,437 

Joseph F.Hetz 41,070 

Jason C.White 42,223 



